S1. Andreev reflection probability under the magnetic fields
In a quasi-classical picture, electrons and Andreev-reflected holes in the quantum Hall (QH) regime [1] [2] [3] propagate together along the superconducting interface forming a skipping orbit. This picture is valid when the crossed Andreev process is fully suppressed (i.e. when the width of the superconductor is much larger that the superconducting coherence length s). We can evaluate how fast impinging quasi-particles (e.g., electrons) become an equal mixture of electrons and holes by calculating the probability of getting a sign-reversed outcome (hole) for various Andreev reflection probabilities (PAR). Fig. S1 shows quasiclassical calculation of the probability of obtaining a quasi-particle with reversed sign as a function of the number of bounce to the SC interface at given PAR. Unless PAR is very close to 0 or 1, the outgoing current becomes an equal mixture of electrons and holes within 20 bounds at the interface, which corresponds to travel of less than 200 nm along the superconducting interface at B = 8 T where the magnetic length is about 10 nm.
Figure S1 | Probability of the sign reversal of incident particles. Quasi-classical calculation of the probability of obtaining a quasi-particle with reversed sign after multiple bounds across the superconducting surface with the probability of Andreev reflection, PAR.
S2. Other contributions to the differential conductance measurement
There could be other resistance contributions to the differential conductance measurement presented in Fig. 1e , such as resistance from the graphene channel or from the superconducting electrode itself. As shown in the Fig. S2a , longitudinal resistance (Rxx) shows that the contribution from the graphene channel is an order of 10 . This is negligible compared to the measured differential resistance of an order of 300 . At T = 13 K, there is another contribution from the NbN segment which is guided by a black dotted box in the inset of Fig. 1d . This contribution was represented by RNbN and estimated to be 250  in Fig.   2a . This contribution has been already considered for calculating 13K. The magnetic field dependence of the resistance of NbN electrode (RNbN line) is plotted in Fig. S2b . This confirms that NbN electrode stays fully superconducting at T=1.8 K, and fully normal at T=13 K without appreciable variation of RNbN line for the whole range of magnetic field, from 0 T to 13 T. 
S3. Local differential conductance measurement in the magnetic fields
Local differential conductance ( = dI/dV) measurements are a convenient way to investigate Andreev reflection (or superconducting proximity effect), which is well described by the Blonder-Tinkham-Klapwijk (BTK) theory 4 . Here, 'local' means that the current flows along the path of the voltage probe. In a magnetic field, however, the local differential conductance ( = dI/dV) is determined by the combination of Andreev reflection at the interface and the density of states (DOS) of graphene modulated by Landau level (LL) formation under the magnetic field. In the presence of LLs in the QH regime, the DOS of graphene changes dramatically with varying magnetic field (B) or back gate voltage (Vbg). To evaluate the contributions from the AR process and the LL DOS modulation separately, we fabricated two independent devices of bilayer graphene, each of which is contacted with superconductor (SC/G) or normal metal electrode (NM/G). Hall resistance shown in Figs. S3a and b shows well quantized plateaus for both cases. At B = 0, differential conductance enhancement near zero-bias in SC/G exhibits Andreev reflection process with a transparent contact ( Fig. S3c) , while NM/G displays no appreciable changes ( Fig. S3d ). Despite of this difference at B = 0, they show similar peak and dip features of  at higher B (Figs. S3e and f)
where Landau levels (LLs) are formed. This high field modulations can be understood rather in a straightforward way for NM/G; the modulating DOS of graphene in the QH regime results in such an alternating features 5 . However, the situation for SC/G device is more complicated; The Andreev reflection processes appear in , strongly convoluted with the modulating DOS of graphene. We find that local differential conductance measurements alone are not enough to study Andreev reflection on QH edge states in our experiment. 
S4. Non-local measurement with all normal electrodes
As a control experiment, we fabricated a device similar to the one studied in the main text only but with normal metals and performed nonlocal measurement in the same manner (Fig. S4 ). Downstream resistance (RD) shows a positive value of ~ 29  with no temperature dependence. Similarly, upstream resistance (RU) stays constant so that Hall resistance (Rxy = RU -RD) is quantized to be h/2e 2 . A longitudinal resistance (Rxx) also remains at ~0  showing that =2 QH state is stable in the entire temperature range up to 11 K. 
S5. More data from other devices
The data taken from other devices of width W = 110 nm and W = 600 nm are presented in Fig. S5 . As W increases, the net contribution from crossed Andreev conversion (RD) is considerably suppressed compared to RD = -230  of device with W = 50 nm presented in the main text. 
S6. Temperature dependence of contact resistance between graphene and superconducting electrode
In the main text, we have assumed that "the additional series resistance of the SC/graphene channel due to the imperfect contact" is independent of the temperature from Tc=5.2 K down to the base temperature of 0.3 K. To support this assumption, we used another cryostat with higher accessible magnetic field up to B=13 T. Figure S6 
S7. Optimization of the width of NbN superconducting electrode
Optimization of the width of NbN superconducting electrode (WNbN) with keeping superconductivity of the electrodes has been taken to improve the efficiency of crossed Andreev conversion. Figure S7 shows the test results of various NbN electrodes of different WNbN prepared with different electron beam energy for the electron beam lithography. As WNbN gets reduced lower than around 200 nm, critical temperature (Tc, black symbols) starts to degrade while resistivity at room temperature (RT, circle symbols) starts to increase. This sets a practical lower limit of WNbN in our study. Note that W mentioned in the main text is reduced WNbN by the length scale similar to the thickness of top h-BN layer because of the oblique etching profile of BN layer as depicted in the inset of Fig. 4 of the main text. 
S8. Modified Blonder-Tinkham-Klapwijk(BTK) model
There have been several studies of including a quasiparticle lifetime effect in the BTK theory to fit measured differential conductance of superconductor/normal-metal junctions under the external magnetic field [6] [7] [8] [9] [10] [11] . To take into account a finite quasiparticle lifetime qp, we include energy broadening = ℏ/qp in the energy spectrum by replacing E with E+i, and calculate differential conductance (dI/dV) based on the BTK formalism. In the extended BTK formalism, the differential conductance can be calculated from the Andreev reflection probability A(E) and the normal reflection probability B(E) as is Fermi-Dirac distribution function at a given temperature T. Then, one can solve the Bogoliubov equations with boundary condition across the superconductor/normal-metal interface and derive closed functional forms of A=|a| 2 and B=|b| 2 in terms of u0 and v0, which are the BCS coherence factors representing particle-like and hole-like characters of the quasiparticle, respectively. These parameters are given by 
